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SPECIFICATION 



MOTOR, FUEL PUMP, COMMUTATOR, AND METHOD FOR MANUFACTURING A 

COMMUTATOR 
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5 This application is based upon, claims the benefit of 
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Application No • 2003-13460 filed January 22 , 2003, No. 2003-100050 
filed April 3, 2003, No. 2003-103847 filed April 8, 2003, and No. 
2003-326344 filed September 18, 2003. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a motor, a fuel pump, a 
commutator, and a method for manufacturing a commutator. 
15 2. Description of the Related Art 

Motors are known that use a commutator having a plurality 
of segments disposed in a circular fashion in the direction of 
rotation and that are electrically connected with coils wound 
around an armature, such that drive current supplied to the 
20 armature is converted by brushes that successively contact the 
segments accompanying rotation of the armature. Japanese Patent 
Publication No. Hei 7-85642 discloses such a motor. 

In this sort of motor, there are sometimes occurrences of 
discharge between a brush and the segments when the segments 
25 separate from the brush accompanying rotation of the armature due 
to electromagnetic energy built up in the coils being released. 
When discharge occurs between the brush and the segments, there 
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is the possibility of the brush and the segments suffering 
discharge wear, leading to poor electrical contact between the 
brush and the segments. It is another object of the present 
invention to provide a motor, a fuel pump, a commutator, and a 
5 method for manufacturing a commutator, which is capable of 
preventing discharge wear of the brush and the segments thereof. 

Many motors have a plurality of segments disposed in the 
direction of rotation and are electrically connected to coils 
wound around an armature, and convert drive current which is 

10 supplied to the armature by brushes that successively contact each 
segment accompanying rotation of the armature. Among such motors , 
there are known configurations wherein segments of the same 
potential are electrically connected together. 

For example, according to Japanese Patent Laid-Open 

15 Publications No. 2000-166185, No. 2000-60073, No. 2000-60074, and 
No. 2000-224822, a plurality of connection terminals are layered 
in the axial direction alternately with insulation plates 
interposed therebetween, with equalizers disposed at each 
connection terminal so as to extend in the radial direction to 

20 the opposite side. Per each connection terminal, equalizers 
disposed at differing positions in the direction of rotation are 
bent toward the segments, and segments of the same potential are 
electrically connected together by the equalizers. 

According to Japanese Patent Laid-Open Publication No. 

25 2000-60077, mutually insulated printed wiring boards are layered 
in the axial direction, and connecting plates are formed on each 
printed wiring board at differing positions in the direction of 



rotation per each printed wiring board. Protrusions projecting 
from segments of the same potential pass through the printed wiring 
boards to electrically connect to connecting plates of the printed 
wiring boards in corresponding layered positions. 
5 However, with the aforementioned examples disclosed in the 

patent publications, since connection terminals or printed wiring 
boards are layered in the axial direction with insulation plates 
or insulation boards interposed therebetween to connect segments 
of the same potential, the axial length of connectors for 
10 electrically connecting segments of the same potential is long. 
Accordingly, the axial length of the motor is adversely long. 



SUMMARY OF THE INVENTION 
In view of the forgoing, it is therefore an object of the 

15 present invention to provide a motor in which an increase in axial 
length thereof is controlled with respect to electrically 
connecting segments of the same potential. It is another object 
of the present invention to provide a motor, a fuel pump, a 
commutator, and a method for manufacturing a commutator, which 

20 is capable of preventing discharge wear of the brush and the 
s egment s t her eo f . 

To achieve the above, a motor utilizes a permanent magnet 
formed from a plurality of magnetically differing poles disposed 
in an alternating and circumferential fashion, an armature that 

25 rotates and that is disposed within an inner circumference of the 
permanent magnet, the armature having coils, and a commutator 
having a plurality of segments disposed about the path of rotation 



and electrically connected to the coils wound around the armature, 
the segments being mutually adjacent in the direction of rotation 
and being mutually insulated. Furthermore, a brush successively 
contacts each of the segments due to rotation of the armature and 
5 a capacitor is electrically connected to a circuit that includes 
the commutator and the armature. The capacitor stores 
electromagnetic energy released by the coils during rotation of 
the armature to prevent occurrence of discharge between the brush 
and the segments . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 
Fig. 1A is a perspective view of a commutator viewed from 
15 an armature side with its insulating resin portion detached 
according to a first embodiment of the present invention; 

Fig. IB is a perspective view of the commutator of Fig. 1A 
viewed from the armature side, shown after molding of the 
insulating resin portion; 
20 Fig. 2 is a cross -sectional view of a fuel pump according 

to the first embodiment; 

Fig. 3 is a cross-sectional view taken along the line III-III 
of Fig. 2; 

Fig. 4A is a perspective view of a center core and an outer 
25 core before their assembly; 

Fig. 4B is a perspective view describing the center core 
and the outer core of Fig. 4A after their assembly; 



Fig. 5 is an exploded perspective view of the commutator 
of Fig. 1A without its insulating resin portion; 

Fig. 6 is a perspective view of the commutator of Fig. IB 
and an armature immediately prior to their assembly, according 
5 to the first embodiment; 

Fig. 7 is a perspective view of the armature of Fig. 6 viewed 
from the commutator showing placement locations of capacitors; 

Fig. 8A is a perspective view of a motor according to the 
present invention as viewed from the brushes; 
10 Fig. 8B is a cross-sectional view taken along the line 

VIIIB-VIIIB of Fig. 8A; 

Fig. 9A is a view of the motor from the brushes; 

Fig. 9B is a cross-sectional view taken along the line 
IXB-IXB of Fig. 9A; 
15 Fig. 10 is a schematic diagram showing connections of coils 

and capacitors according to the first embodiment; 

Fig. 11 is a circuit diagram showing connections of coils 
and capacitors according to the first embodiment; 

Fig. 12 is a circuit diagram showing the flow of current 
20 during discharge; 

Fig. 13 is a schematic diagram showing connections of coils 
and capacitors according to a second embodiment; 

Fig. 14 is a circuit diagram showing connections of coils 
and capacitors according to the second embodiment; 
25 Fig. 15A is a perspective view of a commutator as viewed 

from the commutator surface side according to a third embodiment; 

Fig. 15B is a perspective view of the commutator of Fig. 



15A as viewed from the armature side; 

Fig. 16 is an exploded perspective view showing a 
manufacturing process assembly of a first formed body; 

Fig. 17 is a perspective view showing the first formed body 
5 prior to resin filling; 

Fig. 18 is a perspective view showing the first formed body; 

Fig. 19 is an exploded perspective view showing a 
manufacturing process assembly of a second formed body; 

Fig. 2 OA is a perspective view showing the second formed 
10 body prior to resin filling; 

Fig. 2 OB is a perspective view showing the second formed 
body after resin filling; 

Fig. 21 is a block diagram showing connections of coils and 
capacitors according to the third embodiment; 
15 Fig. 22 is a circuit diagram showing connections of coils 

and capacitors according to the third embodiment; 

Fig. 23A is a perspective view of a commutator viewed from 
an armature side with an insulating resin portion detached 
according to a fourth embodiment of the present invention; 
20 Fig. 23B is a perspective view of the commutator of Fig. 

23A as viewed from the armature side after molding of a insulating 
resin portion; 

Fig. 24 is a schematic diagram showing connections of coils 
and capacitors according to the fourth embodiment; 
25 Fig. 25 is a circuit diagram showing connections of coils 

and capacitors according to the fourth embodiment; 

Fig. 26A is an elevation view of connector terminals 



according to the fourth embodiment; 

Fig. 26B is a perspective view of the connector terminals 
of Fig. 24A shown in the direction of arrow XXVIB in Fig. 26A; 

Fig. 27 is an exploded perspective view showing the 
5 fabrication process assembly of the commutator according to the 
fourth embodiment; 

Fig. 28A is a perspective view showing the fabrication 
process of the commutator of Fig. 27; 

Fig. 28B is a perspective view showing the fabrication 
10 process of the commutator of Fig. 27; 

Fig. 2 9A is a perspective view showing the fabrication 
process of the commutator of Fig. 27; 

Fig. 29B is a perspective view showing the fabrication 
process of the commutator of Fig. 27; 
15 Fig. 3 0 is a perspective view of a commutator with its 

insulating resin portion detached, as viewed from an armature side, 
according to a fifth embodiment of the present invention; 

Fig. 31 is an exploded perspective view showing the 
commutator of Fig. 30, including the segments, mid-terminals, and 
20 connector terminals; and 

Figs. 32A, 32B, and 32C are perspective views showing 
respective pairs of the segments, the mid-terminals, and the 
connector terminals of the same potential of Fig. 30. 



25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the 
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invention, its application, or uses. 
(First embodiment) 

Referring to Fig. 2, a fuel pump 10 is an in-tank style pump 
installed, for example, in a vehicle fuel tank. The fuel pump 
5 10 has a housing 12, and an inlet cover 14 and an outlet cover 
19 that are secured in place by the housing 12 by means of calking 
or sealing. 

A pump casing 16 is held between the inlet cover 14 and the 
housing 12. A C-shaped fluid channel 110 for the pump is formed 

10 between the inlet cover 14 and the pump casing 16. The inlet cover 
14 and the pump casing 16 are case members in which an impeller 
2 0 is rotatably contained as a rotating member. The inlet cover 
14, the pump casing 16, and the impeller 20 constitute a pump 
portion. The pump casing 16 is the member of the case members 

15 containing the impeller 20 which is nearest an armature 40. The 
pump casing 16 supports a first axle bearing 26 on an inner 
circumference thereof. 

Several vane grooves are formed on the outer circumferential 
edge of the disk-shaped impeller 20. When the impeller 20 rotates 

20 together with a shaft 41 due to rotation of the armature 40, a 
pressure differential occurs due to fluid friction before and 
after the vane grooves of the impeller 20 and by repetition thereof 
by the several vane grooves causing fuel inside the fluid channel 
110 to become pressurized. Fuel in the fuel tank is first drawn 

25 by the rotation of the impeller 20 into the fluid channel 110 from 
a fuel inlet (not shown) formed in the inlet cover 14, and is 
eventually discharged from a connecting passage (not shown) of 



the pump casing 16 near a cover 90 disposed at one axial end of 
the armature 40. The fuel continues by passing along an outer 
circumference of the armature 40 toward a commutator 70 , and 
finally passes through a fuel outlet (not shown) to be output from 
5 the fuel pump 10 onward toward an engine (not shown). 

A permanent magnet 3 0 formed in four arc-shaped pieces , each 
piece being a quarter of an arc, is attached circumf erentially 
to an inner circumference of the housing 12. The permanent magnet 
30 is formed into four pieces having magnetic poles of differing 

10 polarity following in the direction of rotation. 

At the other axial end of the armature 4 0 opposite to the 
cover 90 the commutator 7 0 is attached, and the axial end of the 
armature 4 0 opposite to the commutator 7 0 is covered by the cover 
90. The shaft 41, acting as the rotational axis of the armature 

15 40, is rotatably supported by the first axle bearing 26 and a second 
axle bearing 2 7 which are contained and supported, respectively, 
by the pump casing 16 and the outlet cover 19. 

As shown in Fig. 3, the armature 40 has a center core 42 
in its central rotating portion. The shaft 41 is press fitted 

20 into the center core 42 . The center core 42 is formed in a tubular, 
hexagon-shaped cross-section, and comprises depressed portions 
44 extending axially at the six outer circumferential faces of 
the center core 42. The width of the depressed portions 44 
gradually decreases in the radial direction the shorter the 

25 distance becomes to the outer circumferential faces of the center 
core 42. 

Six coiled pole portions 50 are disposed in the direction 



of rotation on the outer circumference of center core 42. Each 
of coiled pole portions 50 has coil cores 52 , bobbins 60, and coils 
62 formed by concentrated windings around the bobbins 60. Since 
all six of the coiled pole portions 50 are of the same structure, 
5 some reference numbers are omitted in Fig. 3. 

As shown in Fig. 4A, the coil cores 52 are members separate 
from the center core 42. Referring to Fig. 3, the coil core 52 
has an outer circumference portion 54 that faces the permanent 
magnet 30 along the direction of rotation, and a coil winding 

10 portion 56 which is plate-shaped and extends from the outer 
circumference portion 54 toward the center core 42. Each of the 
coil cores 52 is thus formed in a T-shape viewed in a cross-section 
perpendicular to the shaft 41 of the armature 40. A peripheral 
face 55 of the outer circumference portion 54 is formed in the 

15 shape of a smooth arc. The size of a clearance formed along the 
rotational direction by the peripheral face 55 of the outer 
circumference portion 54 and the inner peripheral face 31 of the 
permanent magnet 30 is uniform. The coil winding portion 56 has 
a raised portion 58 extending toward the rotational shaft at a 

20 portion thereof nearest the center core 42. The width of the 
raised portion 58 increases gradually in the radial direction 
toward the center core 42. The depressed portions 44 and the 
raised portions 58 are mated together by inserting the raised 
portions 58 into the depressed portions 44 along the axial 

25 direction, respectively. 

The bobbin 60 covers the coil core 52 except for the 
peripheral face 55 of the outer circumferential portion 54 and 

10 



the raised portion 58. The bobbin 60 magnetically insulates the 
outer circumferential portions 54 of the coil cores 52 which are 
mutually adjacent in the direction of rotation. In cross-sections 
through and including the shaft 41, the bobbin 60 sandwiches the 
5 coil winding portion 56 and forms a trapezoid winding space whose 
width decreases in the direction from the outer circumferential 
portion 54 toward the center core 42. The coil 62 is formed by 
winding coils in this winding space. 

With reference to Fig. 2, an end of each of the coils 62 

10 near the commutator 7 0 is electrically connected to the first 
terminal 64. The first terminals 64 correspond to the location 
of each of the coils 62 in the direction of rotation, and fit with 
second terminals 74 near the commutator 70 so as to be electrically 
connected thereto. Ends of the coils 62 near the impeller 20, 

15 opposite to the commutator 70, are electrically connected to third 
terminals 66. The third terminals 66 are three successively 
adjacent terminals, one after the other in the direction of 
rotation, and are electrically connected by fourth terminals 68. 
The commutator 7 0 is cartridge-style and formed as a single 

20 body. With the shaft 41 being press fitted into the center core 
42, the shaft 41 is inserted into bore 71 of the commutator 70 
to attach the commutator 7 0 to the armature 40, at which time, 
claws 74a of the second terminals 74, which project toward the 
armature 40, fit respectively with the first terminals 64 of the 

25 armature 40 to be electrically connected thereto. A first C-ring 
100 is press fitted onto the shaft 41 to prevent detachment of 
the commutator 7 0 from the shaft 41. 



The commutator 70 comprises six segments 72 disposed in the 
rotational direction. The segments 7 2 are formed, for example, 
from carbon, and they are mutually electrically insulated by an 
air-gap or by an insulating resin portion 76. Each of the segments 
5 72 is electrically connected to the second terminals 74 via 
mid-terminals 73. The commutator 7 0 is formed through insert 
molding of the insulating resin portion 76 to join the segments 
72 (excluding surfaces which contact with brushes 80 and 82 
discussed later), the mid-terminals 73, the second terminals 74 

10 (excluding end portions thereof), and capacitors 78 (discussed 
later) into a single body. Referring to Fig. 10, when the 
commutator 70 rotates together with the armature 40, each of the 
segments 72 successively contacts the brushes 80 and 82. First 
brush 80 is the positive brush, and second brush 82 is the negative 

15 brush (ground side). Electrical power passes a fifth terminal 
79 press fitted into the outlet cover 19, the first brush 80, the 
segments 72, the mid-terminals 73, the second terminals 74, and 
the first terminals 64 to be supplied to the coils 62 of the armature 
40. The permanent magnet 30, the armature 40, the commutator 70, 

20 and the brushes 80 and 82 constitute a direct current motor. 

The structure of the mid-terminals 73 and the second 
terminals 74 of the commutator 70 will now be discussed referring 
to Figs. 1A and IB. Fig. 1A shows the commutator 7 0 without the 
insulating resin portion 76, and Fig. IB shows the commutator 70 

25 after the insulating resin portion 76 has been molded. Reference 
numeral 78 in Fig. IB represents the location of the capacitors 
78 when covered by the insulating resin portion 76. 
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Referring to Fig. 1A, the mid-terminals 73 are held between 
the second terminals 74 and the segments 72 , such that the second 
terminals 74 are electrically connected to the segments 72 through 
the mid-terminals 73 . The mid-terminals 73 extend radially inward 
5 within the commutator 70. The number of the second terminals 74 
is six to match with the number of the segments 72. Each of the 
second terminals 74 comprises one of the claws 7 4a to fit with 
the first terminals 64 of the armature 40. Three of the six second 
terminals 74 are located alternately ( non-ad jacently) in the 

10 direction of rotation, the three comprising arc-shaped connecting 
extensions 7 7b which extend in the same direction of rotation. 
The end portion of each of the connecting extensions 7 7b projects 
toward the mid-terminals 73. Each of the connecting extensions 
77b passes through a radial inner side of the second terminals 

15 74 located in the direction being extended while avoiding mutual 
contact, and the end portions of the connecting extensions 7 7b 
electrically connect with the mid-terminals 7 3 facing in radial 
opposition. Thus, pairs of the segments 72 which are mutually 
facing and are radially opposite are electrically connected. The 

2 0 capacitors 7 8 are box-shaped, with terminals exposed on one face 
thereof. The capacitors 78 are disposed on a surface of the 
commutator 70 on the side opposite to the commutator surface, (the 
side opposite to the surface which contacts with the first brush 
80), that is, on a surface nearest the armature 40. Terminals 

25 of the capacitors 78 are brazed directly to the second terminals 
74 adjacent in the direction of rotation and are thus electrically 
connected. 



Fig. 5 is a perspective view of the commutator 70, without 
the insulating resin portion 7 6 as shown in Fig. 1A, revealing 
each member. Large projections 72a are formed on the segments 

72 . The segments 7 2 and the mid-terminals 73 are joined by fitting 
the large projections 72a with large holes 73a formed in the 
mid-terminals 73. First small projections 74a are formed at the 
outer circumference of the segments 72 and encircle the large holes 
73a. Each of the segments 72 comprises one of the first small 
projections 74a. Second small projections 75b are formed within 
the inner circumference of the large holes 73a on the mid-terminals 

73 which join with the connecting extensions 77b. First small 
holes 7 6a are formed on each of the second terminals 74 near the 
claws 74a , and second small holes 74d are formed in the end portions 
of the connecting extensions 77b. The mid-terminals 73 and the 
second terminals 74 are joined by fitting of the first small 
projections 74a with the first small holes 76a and also fitting 
of the second small projections 75b with the second small holes 
74d. 

Referring to Fig. 10 , by the joining of the segments 72, 
the mid-terminals 73 , the second terminals 74, and the capacitors 
7 8 as has been explained, a segment SI and a segment S4 are 
electrically connected, as are likewise a segment S2 and a segment 
S5, and a segment S3 and a segment S6, all of commutator 70. 
Segments of the segments 72 adjacent in the direction of rotation 
are connected by the capacitors 78. In Fig. 10, al, bl, cl, a2, 
b2, and c2 represent the coils 62 disposed on the armature 40 in 
the direction of rotation in that order, and SI, S2, S3, S4, S5, 
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and S6 represent the segments 7 2 disposed in the commutator 7 0 
in the direction of rotation in that order . 

As shown in Figs. 6 and 7, the locations in the direction 
of rotation of the capacitors 78 covered by the insulating resin 
5 portion 76 (reference numeral 7 8 in Fig. 6 indicating the location 
of the capacitors 78 covered by insulating resin portion 76) 
correspond to recessed portions 300 formed between the coils 62 
adjacent in the direction of rotation near the commutator 70. The 
capacitors 78 are also located between the first terminals 64 

10 adjacent in the direction of rotation, as well as between the claws 
74a of the second terminals 74 near the commutator 7 0 which fit 
with the first terminals 64 near the armature 40. Fig. 6 is a 
perspective view of the commutator 7 0 as viewed from the armature 
40 and of the armature 40 as viewed from the commutator 70. Fig. 

15 7 is a view of the armature 40 as seen from the direction of the 
commutator 70. Further, the locations of the capacitors 78 at 
the locations of the cross-sections of Figs. 8A and 9A are shown 
respectively in Figs. 8B and 9B. By bringing the capacitors 78 
into proximity of the recessed portions 300 existing between the 

20 first terminals 64 adjacent in the direction of rotation to 
assemble the armature 40 with the integrated body of the commutator 
7 0 and the capacitors 7 8 formed from molding of the insulating 
resin portion 76, the axial length of a motor comprising the 
commutator 70 and the armature 40 can be shortened. Since the 

25 commutator 70 and the capacitors 78 are resin molded and constitute 
a single, integrally formed body, they can be easily assembled 
with the armature 40. 



According to the first embodiment, the locations in the 
direction of rotation of the capacitors 78 are matched with the 
recessed portions 300 formed between the coils 62 adjacent in the 
direction of rotation near the commutator 70. However, as long 
as the recessed portions 3 00 are formed in the armature 40 near 
the commutator 70, the locations of the capacitors 78 in the 
direction of rotation may be matched to any sort of recessed 
portion. 

Where the rated output of a motor, that is, the fuel pump 
10, is O [W], the number of pole pairs of the permanent magnets 
3 0 is P, and the total electrostatic capacity of the capacitors 
7 8 is C [[iF], the total electrostatic capacity C is predetermined 
such that expression (1) is satisfied. The number of pole pairs 
of the permanent magnets 3 0 is equal to (total number of pieces 
of the permanent magnets 30)/2. 

0.02 * O * P<C < 0.2 * O * P ... (1) 

Thus, for example, when the rated output O is from 20 to 
3 0 W, and the number of pole pairs P with the fuel pump 10 according 
to the first embodiment is 2 ( (total number of pieces of permanent 
magnets 30) /2 = 2), then a range where the total electrostatic 
capacity C of the six capacitors 78 satisfies expression (1) is 
defined as 0.8 to 1.2 < C < 8.0 to 12.0. 

Ends of the coils 62 near the commutator 70 are electrically 
connected to the segments 72, and the ends of the coils 62 opposite 
to the commutator 70 are electrically connected together. The 
ends of the coils 62 opposite to the commutator 7 0 form a neutral 
point 200 of a star connection. That is, with reference to Fig. 



11, three of the coils 62 forming a star connection are connected 
in parallel. 

Referring to Fig. 2, the cover 90 covers the axial end of 
the armature 4 0 opposite to the commutator 70, and thus resistance 
5 of the armature 4 0 rotating within the fuel is decreased. The 
cover 90 comprises a large depression portion 92 in the center 
portion thereof surrounding the shaft 41. A portion of both the 
first axle bearing 26 and the pump casing 16 is disposed within 
the large depression portion 92. A second C ring 102 is press 

10 fitted onto the shaft 41 to prevent the cover 90 from detaching 
from the shaft 41. 

With reference to Fig. 12, when the first brush 80 separates 
from the segments 7 2 accompanying rotation of the armature 40, 
there is the undesirable possibility that electromagnetic energy 

15 built up in the coils 62 will flow between the segments 72 and 
the first brush 80, and that discharge will occur between the 
segments 72 and the first brush 80. According to the first 
embodiment, since the capacitors 7 8 are electrically connected 
to the second terminals 74 of the segments 72 adjacent in the 

20 direction of rotation, electromagnetic energy built up in the 
coils 62 is temporarily built up in the capacitors 78 when the 
first brush 80 separates from the segments 72. Accordingly, a 
sudden addition of electromagnetic energy discharged from the 
coils 62 between the segments 7 2 and the first brush 80 is prevented. 

25 As a result, even when the first brush 80 separates from the 
segments 72, discharge does not occur between the first brush 80 
and the segments 72, and thus discharge wear of the segments 72 



and the first brush 80 can be prevented. Accordingly, favorable 
electrical contact between the segments 72 and the brush 80 can 
be maintained. When the segments 72 and the first brush 80 are 
in contact, current from the coils 62 flows to the first brush 
5 80 through the segments 72. 

According to the first embodiment, by joining the coils 62 
through a star connection/ voltage applied to the coils 62 is 
smaller when compared to the delta connection of the second 
embodiment discussed later. Electromagnetic energy built up in 

10 the coils 62 is smaller, and thus the electrostatic capacity of 
the capacitors 7 8 can be smaller to fall within a range where 
expression (1) is satisfied. 

Also according to the first embodiment, the capacitors 78 
are disposed in the commutator 70 and are electrically connected 

15 to the second terminals 74 of the segments 72, however, the 
capacitors 7 8 can be disposed and connected at any suitable 
location as long as they are connected to a circuit formed by the 
coils 62 and the segments 72 and can temporarily build up 
electromagnetic energy built up in the coils 62. 

2 0 ( Second embodiment ) 

A second embodiment according to the present invention is 
shown in Figs. 13 and 14. Structural portions thereof which are 
substantially the same as those of the first embodiment are given 
the same reference numerals. According to the second embodiment, 

25 three of the coils 62 adjacent to each other in the direction of 
rotation are connected in parallel by a delta connection. 
Compared to the star connection of the first embodiment, voltage 
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applied to the coils 62 is high, and thus electromagnetic energy 
built up in the coils 62 is large. Accordingly, the electrostatic 
capacitance of capacitors 120, which store electromagnetic energy, 
is sometimes larger than that of the capacitors 7 8 of the first 
5 embodiment within a range such that expression ( 1 ) is satisfied. 
( Third embodiment ) 

A third embodiment of a commutator according to the present 
invention is shown in Figs. 15A and 15B. Structural portions of 
the commutator that are substantially the same as those of the 

10 first embodiment are given the same reference numerals. A 
commutator 13 0 according to the third embodiment has a first formed 
body 140 near the segments 72, and a second formed body 150 near 
capacitors 260 (not shown in Figs. 15Aand 15B, but discussed later) . 
Each member of the first formed body 140 is supported by a first 

15 insulating resin portion 142, and each member of the second formed 
body 150 is supported by a second insulating resin portion 152. 
Claws 132, which are a portion of the commutator terminals of the 
commutator 13 0, have first connecting claws 234 of first 
connecting terminals 232 (discussed later) of the first formed 

20 body 140, and second connecting claws 255 of second connecting 
terminals 254 (discussed later) of the second formed body 150 that 
are electrically connected through welding. Each of the segments 
72 is insulated by slits 144, and grooves 145 are formed on the 
commutator surface side of each of the segments 72 for draining 

25 fuel, that is, a film layer of fuel. 

Next, a method for manufacturing the commutator 130 will 
be discussed while referring to Figs. 16 to 20B. The method for 



manufacturing the first formed body 14 0 will be explained first. 

Each base material constituting the first formed body 140 
is shown in Fig. 16. Each of base materials 210, 220, and 230 
is shown before being sectioned into each of the segments 72. The 
5 base materials comprise a segment base material 210 for the 
segments 72, a middle base material 220 for mid-terminals 
corresponding to the mid-terminals 73 of the first embodiment , 
and a first connecting terminal base material 230 for the first 
connecting terminals 232. In Figs. 15A and 15B, the mid-terminals 

10 are covered by a first insulating resin portion 142 and therefore 
are not shown. First terminals, which are the mid-terminals and 
the first connecting terminals 232, and second terminals 
(discussed later) , which are the second connecting terminals 254, 
constitute the commutator terminals. The middle base material 

15 220 and the first connecting terminal base material 230 constitute 
the first terminal base materials . The shape of the mid-terminals 
to be formed from the middle base material 220, as well as the 
shape of the first connecting terminals 232 to be formed from the 
first connecting terminal base material 230, differ from the 

20 mid-terminals 73 and the second terminals 74 of the first 
embodiment. However, the mutual electrical connections thereof 
and the electrical connections thereof with segments 72 are the 
same as those of the first embodiment. The middle base material 
220 has a thin portion 222 shaped as a disk, and thick portions 

25 224 disposed per each of the segments 72. The first connecting 
terminals 232 of the first connecting terminal base material 230 
are mutually joined by a ring frame 240. The thickness of the 



first connecting terminals base material 230 is thinner than, and 
almost half of, the thickness of the second terminal 74 of the 
f ir s t embodiment . 
(Joining process) 

5 The large projections 72a are formed on the segment base 

material 210, and the large projections 72a are fitted with large 
holes 222a formed in the middle base material 220 to join the 
segment base material 210 and the middle base material 220. First 
small projections 224a are formed on the thick portions 224 which 

10 are at the outer circumference of the middle base material 220 
so as to encircle the large holes 222a. Second small projections 
222b are formed within the inner circumference of the large holes 
222a where the thin portion 222 joins with connecting extensions 
235 of the first connecting terminals 232. First small holes 232a 

15 are formed on each of the first connecting terminals 232 of the 
first connecting terminal base material 230 near the first 
connecting claws 234, and second small holes 232b are formed in 
the end portions of the connecting extensions 235. First small 
projections 224a fit with the first small holes 232a, and the second 

2 0 small projections 222b fit with the second small holes 232b to 
join the middle base material 220 with the first connecting 
terminal base material 23 0. 
(First forming process) 

The segments base material 210, the middle base material 

25 220, and the first connecting terminal base material 230 of Fig. 

16 are shown as a joined structure in Fig. 17. The first insulating 
resin portion 142 is filled around this structure such that the 



segment base material 210, the middle base material 220, and the 
first connecting terminal base material 230 are supported by the 
first insulating resin portion 142. 
(Sectioning process) 
5 While sectioning the ring frame 24 0 through press-working, 

the first connecting claws 234 of the first connecting terminals 
232 are bent. Next, while maintaining the state of support of 
the first insulating resin portion 142, the slits 144 are formed 
from the commutator surface side of the segment base material 210 

10 through the thin portion 222 of the middle base portion 220, 
sectioning into each of the segments 72. The slits 144 are formed, 
for example, by rotating a thin disk having blades of about the 
same circumference as the disk to section the segment base material 
210 and the middle base material 220. The grooves 145 are also 

15 formed in commutator surfaces of each of the segments 72 for 
draining any fuel film. The grooves 145 are shallower than the 
slits 144. Following this, the commutator surface sides of the 
segments 72 are polished to complete the fabrication of the first 
formed body 14 0, shown in Fig. 18 . The mid-terminals and the first 

2 0 connecting terminals 232, formed through sectioning of the middle 
base material 220 and the first connecting terminal base material 
230 per each of segments 72, constitute first terminals. 

A method for manufacturing the second formed body 150 will 
be discussed next. A second connecting terminal base material 

25 250, serving as a second terminal base material, comprises the 
second connecting terminals 254 acting as second terminals, and 
a disk portion 252 disposed within the inner circumference of the 
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second connecting terminals 254 and joining each of the second 
connecting terminals 254. The second connecting terminals 254 
comprise the second connecting claws 255 and crimping portions 
256. The thickness of the second connecting terminal base 
5 material 250 is thinner than, and almost half of, the thickness 
of the second terminals 74 of the first embodiment. The capacitors 
260 comprise main capacitor bodies 262 and lead wires 264 that 
act as flexible terminals extending from the main capacitor bodies 
262. 

10 (First connecting process) 

Referring to Fig. 2 OA, the lead wires 264 of the capacitors 
260 are inserted to be pinched by the crimping portions 256 of 
the second connecting terminal base material 250 and hot swaging 
is performed, whereby the second connecting terminals 2 54 of the 

15 second connecting terminal base material 250 and the capacitors 
260 are electrically connected. Then, the portion of the disk 
portion 252 within the double-dot dashed line 270 shown in Fig. 
19 is stamped out by a press or similar means and discarded, 
sectioning the second connecting terminals base material 250 per 

20 each of the second connecting terminals 254. Every two terminals 
of the second connecting terminals 254, adjacent in the 
circumferential direction, are connected as a pair by the 
capacitors 260. Thus, the number of capacitors 260 used for the 
six, second connecting terminals 254 is three. 

25 (Second forming process) 

Referring to Fig. 2 OA, by hot swaging the lead wires 264 
of the capacitors 260 with the crimping portions 256 of the second 
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connecting terminals 254 , and filling the second insulating resin 
portion 152 around the structure sectioned per each of the second 
connecting terminals 254 to support the second connecting 
terminals 254 and the capacitors 260 , fabrication of the second 
5 formed body 150 is accomplished. 
(Second connecting process) 

Next, the first formed body 140 shown in Fig. 18 and the 
second formed body shown in Fig. 2 OB are joined such that the first 
connecting claws 234 and the second connecting claws 255 are 

10 overlapped. Then, the first connecting claws 234 and the second 
connecting claws 255 are welded and thereby electrically joined. 
The manufacture of the commutator 130 is thus accomplished. 

The electric connection between the thus formed commutator 
130 and the coils 62 is shown in Figs. 21 and 22. Except for the 

15 number of the capacitors 260 being reduced from six to three, the 
structure is the same as that of Figs. 10 and 11 of the first 
embodiment. That is, according to the third embodiment, the coils 
62 are joined in a star connection in the same manner as in the 
first embodiment. Accordingly, as long as the rated output 0 of 

20 the fuel pump 10, the electrostatic capacity C of the capacitors 
260, and the number of pole pairs P of the permanent magnets 30 
are the same as in the first embodiment, then from expression (1) , 
the electrostatic capacity of each of the capacitors 260 may be 
twice that of the capacitors 7 8 of the first embodiment. 

25 With the method for manufacturing the commutator 130 

according to the third embodiment, the first formed body 140 near 
the segments 72 and the second formed body 150 near the capacitors 
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260 are respectively and separately formed first, after which they 
are joined to complete the manufacture of the commutator 130 . Thus , 
in the sectioning process, vibration that occurs during the 
dividing of the segments base material 210 and the middle base 
5 material 220 into each of the segments 72 does not act on locations 
where the capacitors 2 60 and the second connecting terminals 254 
are electrically joined. Thus, also, the electrical connections 
between the capacitors 260 and the second connecting terminals 
254 can be maintained. Further, since the capacitors 260 employ 

10 the lead wires 264 which have the flexibility to act as capacitor 
terminals, even when contractive forces of the second insulating 
resin portion 152 occur during cooling, or expansive or 
contractive forces are caused by temperature changes acting on 
the capacitors 260 after the second insulating resin portion 152 

15 has been filled, the force acting at locations where the lead wires 
264 and the second connecting terminals 254 are electrically 
joined is decreased by deforming of the lead wires 264. Thus, 
the electrical connections between the lead wires 2 64 of the 
capacitors 260 and the second connecting terminals 254 can be 

20 maintained. 

With the several discussed embodiments according to the 
present invention, capacitors temporarily build up 
electromagnetic energy gathered in the coils 62 to prevent 
electromagnetic energy from suddenly being added between the first 

25 brush 80 and the segments 72, and thus discharge does not occur 
between the segments 72 and the first brush 80. Since the segments 
72 and the first brush 80 do not suffer discharge wear, favorable 



electrical contact can be maintained between the segments 72 and 
the first brush 80. 

According to the several discussed embodiments/ in a cross 
section through the shaft 41 of the armature 40, a winding space 
5 formed by each of the bobbins 60 is formed as a trapezoid having 
a width that becomes narrower in a direction from the outer 
circumference portions 54 toward the center core 42 . The armature 
40 can be structured with almost no gap being formed between the 
coiled pole portions 50 that are mutually adjacent in the direction 

10 of rotation. Thus the space occupied by the armature 40 can be 
used efficiently with respect to the winding of coils around the 
bobbins 60. Thus, the number of coil windings can be increased. 
(Other embodiments) 

According to the several discussed embodiments, the number 

15 of magnetic poles formed by the permanent magnets 30 is four, and 
the number of the coiled pole portions 50 is six, however, the 
number of poles formed by the permanent magnets 30 may be two, 
four, or any greater even number, and the number of the coiled 
pole portions 50 likewise may be any number other than six. 

20 Further, it is preferable that the number of coiled pole portions 
be more than the number of poles formed by the permanent magnets . 
It is further preferable that the number of the coiled pole portions 
be an even number two greater than the number of poles formed by 
the permanent magnets. 

25 The embodiments of the present invention were discussed as 

if they were applied to a motor having a concentrated winding, 
however, the present invention is not limited thereto. For 
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example, embodiments of the present invention may be applied to 
a motor having a distributed winding. 

Further, according to the several discussed embodiments, 
a drawing force is generated to draw fuel from a fuel tank by 
5 rotation of the impeller 20 that serves as a rotating member of 
a pump. A gear, etc. may also be employed as the rotating member 
of the pump instead of an impeller. Furthermore, according to 
the several embodiments of the present invention, application is 
directed to a fuel pump, however, the present invention is not 

10 limited thereto. The present invention may be applied to various 
sorts of motors . 

According to the several discussed embodiments, six or three 
capacitors are disposed extending between the segments 72, however, 
the number of capacitors is not limited in this manner as long 

15 as there is at least one. 

According to the discussed third embodiment, the lead wires 
264 of the capacitors 260 used in the second formed body 150 are 
flexible, however, according to the third embodiment of the 
present invention, capacitor terminals are disposed in an outer 

20 surface of the main capacitor bodies, and the capacitor terminals 
and the second connecting terminals 2 54 may be soldered together. 
Also, as long as capacitors with lead wires having flexibility 
serving as capacitor terminals are used, the insulating resin 
portion may be molded to support the segment base material, the 

25 commutator terminal base material, and the capacitors with an 
insulating resin portion, all at once without forming formed 
bodies separately for the segments and the capacitors, 
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respectively . 
(Fourth Embodiment) 

Referring to Figs. 2, 3, 4A, 4B, 5, 23A, 23B, 24, 25, 26A, 
2 6B, 27, 28A, 28B, 29A, and 2 9B, a fourth embodiment of a motor 
5 and a fuel pump using the motor in accordance with the present 
invention is presented. Fig. 2 shows a fuel pump according to 
the invention. The fuel pump 10 is an in-tank style pump when 
installed, for example, within the fuel tank of a vehicle. The 
fuel pump 10 comprises a housing 12, and an inlet cover 14 and 

10 an outlet cover 19 which are secured in place by the housing 12 
by means of calking. 

A pump casing 16 is held between the inlet cover 14 and the 
housing 12. Between the inlet cover 14 and the pump casing 16 
there is formed a C-shaped fluid channel 110 for the pump. The 

15 inlet cover 14 and the pump casing 16 are case members in which 
an impeller 20 is rotatably contained as a rotating member. The 
inlet cover 14, the pump casing 16, and the impeller 20 constitute 
a pump portion. Of the case members containing the impeller 20, 
the pump casing 16 is the member nearest to an armature 40. The 

2 0 pump casing 16 supports a first axle bearing 26 in an inner 
circumference thereof. 

Several vane grooves are formed on the outer circumferential 
edge of the disk-shaped impeller 20. When the impeller 2 0 rotates 
together with a shaft 41 due to rotation of the armature 40, 

25 differential pressure occurs due to fluid friction before and 
after the vane grooves of the impeller 20, and by repetition thereof 
by the several vane grooves, fuel inside the fluid channel 110 



receives pressure. Fuel in a fuel tank (not shown) is first drawn 
by the rotation of the impeller 2 0 into the fluid channel 110 from 
a fuel inlet (not shown) formed in the inlet cover 14, and is 
eventually discharged from a connecting passage (not shown) of 
5 the pump casing 16 near a cover 90 disposed at one axial end of 
the armature 40. The fuel continues by passing along an outer 
circumference of the armature 4 0 toward a commutator 70, and 
finally passes through a fuel outlet (not shown) to be output from 
the fuel pump 10 onward toward an engine (not shown). 

10 A permanent magnet 30 formed in four arc-shaped pieces, each 

piece being quarter arc shaped, is attached circumf erentially to 
an inner circumference of the housing 12. The permanent magnet 
3 0 is formed into four pieces having magnetic poles of differing 
polarity following in the direction of rotation. The four pieces 

15 of permanent magnet 30 are held in place by a resin portion 38. 

At the other axial end of the armature 4 0 opposite to the 
cover 90 the commutator 70 is attached, and the axial end of the 
armature 40 opposite to the commutator 70 is covered by the cover 
90. The permanent magnet 30, the armature 40, the commutator 70, 

20 and brushes (not shown) constitute a DC motor. The shaft 41, which 
is the rotating axle of the armature 40, is rotatably supported 
by the first axle bearing 2 6 and a second axle bearing 27 contained 
and supported respectively by the pump casing 16 and the outlet 
cover 19. 

25 As shown in Fig. 3, the armature 40 comprises a center core 

42 in the central rotating portion thereof. The shaft 41 is press 
fitted into the center core 42. The center core 42 is formed in 



a tubular hexagon shape in cross section, and comprises depressed 
portions 4 4 extending axially at the six outer circumferential 
faces thereof. A width of the depressed portions 44 gradually 
decreases in the radial direction the shorter the distance is to 
5 the outer circumferential faces. 

Six coiled pole portions 50 are disposed in the direction 
of rotation on the outer circumference of center core 42. Each 
of coiled pole portions 50 comprises coil cores 52, bobbins 60, 
and coils 62 formed by concentrated winding around bobbins 60. 

10 Since all six of coiled pole portions 50 are of the same structure, 
reference numbers are partially omitted in Fig. 3. 

As shown in Fig. 4A, the coil cores 52 are members separate 
from the center core 42. Referring to Fig. 3, the coil core 52 
comprises an outer circumference portion 54 which faces the 

15 permanent magnet 3 0 along the direction of rotation, and a coil 
winding portion 56 which is plate-shaped and extends from the outer 
circumference portion 54 toward the center core 42. Each of the 
coil cores 52 is thus formed in a T-shape viewed in a cross-section 
perpendicular to the shaft 41 of the armature 40. A peripheral 

2 0 face 55 of the outer circumference portion 54 is formed to have 
a smooth arc shape. The size of a clearance formed along the 
rotational direction by the peripheral face 55 of the outer 
circumference portion 54 and the inner peripheral face 31 of the 
permanent magnet 30 is uniform. The coil winding portion 56 

25 comprises a raised portion 58 extending toward the rotational 
shaft at a portion thereof nearest the center core 42. The width 
of the raised portion 58 increases gradually in the radial 
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direction toward the center core 42. The depressed portions 44 
and the raised portions 58 are mated together by inserting the 
raised portions 58 into the depressed portions 44 along the axial 
direction, respectively. 
5 The bobbin 60 covers the coil core 52 excepting the 

peripheral face 55 of the outer circumferential portion 54 and 
the raised portion 58. The bobbin 60 magnetically insulates the 
outer circumferential portions 54 of the coil cores 52 which are 
mutually adjacent in the direction of rotation. In cross-sections 

10 through and including the shaft 41 , the bobbin 60 sandwiches the 
coil winding portion 5 6 and forms a trapezoid winding space whose 
width decreases in the direction from the outer circumferential 
portion 54 toward the center core 42. The coil 62 is formed by 
winding coils in this winding space. 

15 With reference to Fig. 2, an end of each of the coils 62 

near the commutator 7 0 is electrically connected to the first 
terminal 64. The first terminals 64 are fitted and electrically 
connected to second terminals 74 and claws 74a of connector 
terminals 7 7 near the commutator 70. Ends of the coils 62 near 

2 0 the impeller 2 0 , opposite to the commutator 7 0 , are electrically 
connected to third terminals 66. The third terminals 66 are 
successively adjacent three terminals one after the other in the 
direction of rotation and are electrically connected by fourth 
terminals 68. 

25 The commutator 70 is cartridge-style and formed as a single 

body. With the shaft 41 being press fitted into the center core 
42, the shaft 41 is inserted into bore 71 of the commutator 7 0 



to attach the commutator 7 0 to the armature 40, at which time each 
of the claws 74a, which project from the commutator 70 toward the 
armature 40, respectively fit with the first terminals 64 of the 
armature 4 0 to be electrically connected thereto. A first C ring 
5 100 is press fitted onto the shaft 41 to prevent the commutator 
7 0 from detaching from the shaft 41. The commutator 70 comprises 
six segments 72 disposed in the rotational direction. The 
segments 72 are formed, for example, from carbon, and they are 
mutually electrically insulated by an air-gap or by an insulating 

10 resin portion 76. 

Mid-terminals 73 are in direct electrical connection to the 
segments 72. Each of the segments 72 is electrically connected 
to the second terminals 74 and the connector terminals 77 through 
the mid-terminals 73. The connector terminals 7 7 are distanced 

15 from the respective surfaces of the segments 72 nearest the 
armature 40, and as shown in Fig. 23A, connector extensions 77b 
of the connector terminals 7 7 electrically connect the 
mid-terminals 73 pairs of the segments 72 which are radially 
opposed. Thus, the segments 72 positioned radially opposite to 

20 one another have the same potential. Connection terminals are 
formed in a plate shape by the mid-terminals 73 acting as connecting 
portions and the connector terminals 77 acting as wiring portions. 
The wiring portions of the connection terminals which connect the 
segments 72 of the same potential excepting the claws 74a of the 

25 connector terminals 77 are disposed in substantially the same 
plane. Referring to Fig. 2, an insulating resin portion 76 is 
molded around the segments 72 (excepting brush-contacting 
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surfaces) , the mid-terminals 73, the second terminals 74, and the 
connector terminals 77 (excepting extremities) through insert 
molding. Power passes through a fifth terminal 7 9 press fitted 
into the outlet cover 19, the brushes, the segments 72, the 
5 mid-terminals 73, the second terminals 74, and the connector 
terminals 77 to be supplied to the coils 62 of the armature 40. 
By the commutator 70 rotating together with the armature 40, each 
of the segments 72 successively contacts the brushes. 

With reference to Fig. 24, a segment SI and a segment S4 

10 as a pair, and likewise a segment S2 and a segment S5, and a segment 
S3 and a segment S6 of the commutator 70 are electrically connected 
and have the same potential, owing to the joining of the segments 
72, the mid-terminals 73, and the connector terminals 77 as has 
been explained. In Fig. 24, al, bl, cl, a2, b2 , and c2 represent 

15 the coils 62 disposed on the armature 4 0 in this order in the 
direction of rotation, and SI, S2, S3, S4 , S5, and S6 represent 
the segments 72 disposed in the commutator 7 0 in this order in 
the direction of rotation. 

The ends of the coils 62 near the commutator 70 and the 

2 0 segments 72 are electrically connected, as are the ends of the 
coils 62 opposite to the commutator 70 to each other. The ends 
of the coils 62 opposite to the commutator 70 form neutral point 
120 of a star connection. That is, referring to Fig. 25, three 
of the coils 62 are connected in parallel through a star connection. 

2 5 Referring to Fig. 2, the cover 90 covers the axial end of 

the armature 40 opposite to the commutator 70, such that resistance 
of the armature 40 rotating in fuel is decreased. The cover 90 
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comprises a large depression portion 92 in a central portion 
thereof surrounding the shaft 41. A portion of both the first 
axle bearing 26 and the pump casing 16 are disposed within the 
large depression portion 92. A second C ring 102 is press fitted 
5 onto the shaft 41 to prevent the cover 90 from detaching from the 
shaft 41. 

The structure of the mid-terminals 73 , the second terminals 
74 , and the connector terminals 77 constituting the commutator 
70 will now be explained with reference to Figs. 5, 23A, 23B, 26A, 

10 and 26B. Fig. 23A shows the commutator 70 without insulating resin 
portion 80, and Fig. 23B shows the commutator 7 0 after the 
insulating resin portion 80 has been molded thereto. 

As shown in Fig. 23A, the mid-terminals 73 are held between 
the second terminals 74 and the connector terminals 77 on one side 

15 and the segments 72 on the other, and both the second terminals 
74 and the connector terminals 7 7 are electrically connected to 
the segments 72 through the mid-terminals 73. The mid-terminals 
73 are disposed at the portion of the segments 72 nearest the 
armature 40, and are in direct electrical connection to the 

20 segments 72. Referring to Fig. 5, the mid-terminals 73 comprise 
thin portions 75 at an inner circumference thereof and thick 
portions 74 at an outer circumference thereof. The thickness of 
thin portions 75 is less than that of thick portions 74, and due 
to this difference, a stepped portion is formed on the side of 

25 the mid-terminals 73 away from the segments 72. The second 
terminals 74 and the connector terminals 7 7 are alternatingly 
disposed in the direction of rotation on the side of the 
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mid-terminals 73 away from the segments 72, and are electrically 
connected to the mid-terminals 73. 

Referring to Fig. 26B, the second terminals 74 and the 
connector terminals 7 7 are disposed substantially in the same 
5 plane, and comprise the claws 74a which are fitted to the first 
terminals 64 of the armature 40. Connector terminals 77 comprise 
the arc-shaped connector extensions 77b extending respectively 
in the same rotational direction. The connector extensions 7 7b 
are disposed in a spiraling pattern, which are three in number. 

10 Extreme ends of the connector extensions 7 7b project toward the 
mid-terminals 73 as can be seen in Fig. 26A. Each of the connector 
extensions 77b is electrically connected at one end thereof to 
one of the thick portions of the mid-terminals 73. Each of the 
connector extensions 77b, while avoiding mutual contact, then 

15 continues therefrom as an extending portion along the inner 
circumference of second terminals 74 which are of differing 
potential as well as disposed near the extending portions of 
connector extensions 7 7b. Each of the extending portions also 
passes along the thin portions 75 of the mid-terminals 73 of 

20 differing potential while avoiding contact therewith, and finally 
terminates in another end of the connector extension 77b which 
is electrically connected to one of the thin portions 75 of the 
mid-terminals 73 which is radially opposite. Thus, a pair of the 
segments 72 which are facing and are radially opposite are 

25 electrically connected by the connector terminals 77, and have 
the same potential. According to the fourth embodiment, the 
difference in thickness of the mid-terminals 73, as well as the 



connector extensions 77b of the connector terminals 77 acting as 
wiring portions disposed in a spiral shape constitute an avoiding 
non-contact structure of the connection terminals. 

Fig. 5 is an exploded view of commutator 7 0 with insulating 
5 resin portion 80 shown in Fig. 23A detached therefrom showing each 
member. Large projections 72a are formed on the segments 72. The 
large projections 72a fit with large fitting holes 73a formed in 
the mid-terminal 73 to join the segments 72 and the mid-terminal 
73. On each of the mid-terminals 73 are formed first small 

10 projections 74a at the combined outer circumference thereof to 
encircle the large fitting holes 7 5a. On the thin portions 75 
of the mid-terminals 73 , which joins to the extreme ends of the 
connector extensions 77b, are formed second small projections 75b 
within the inner circumference of the large fitting holes 75a. 

15 Second terminal fitting holes 76a and first fitting holes 77a are 
formed respectively at portions of the second terminal 74 and the 
connector terminals 7 7 respectively near the claws 7 4a , and at 
the extreme ends of the connector extensions 77b are formed second 
fitting holes 77c. The mid-terminals 73 are joined to the second 

20 terminals 74 and to the connector terminals 77 by the first small 
projections 74a fitting with the second terminal fitting holes 
76a and with the first fitting holes 77a, and the second small 
projections 75b fitting with the second fitting holes 77c. 

Next, the production method of the commutator 70 will be 

25 explained while referring to Figs. 27 to 29B. A first base 
material 200 is first formed for segments 72, a second base material 
210 for mid-terminals 73, and a third base material 220 for second 



terminals 74 and connector terminals 77. The base materials 200, 
210 , and 22 0 are shown as they appear before being divided per 
each of segments 72. 

The thick portions 74 of the mid-terminals 7 3 are pre-divided 
per each of the segments 72 while the thin portions 75 of the 
mid-terminals 73 remain joined in the circumferential direction 
with the second base material 210 still in an unprocessed state. 
The second terminals 7 4 and the connector terminals 7 7 to be formed 
from the third base material 220 are mutually joined at respective 
claws 74a thereof by a circular frame 222 without the claws 74a 
being bent. 

Referring to Fig. 2 8A, the base materials 2 00 , 210, and 22 0 
are then joined together by the fitting of the large projections 
72a into the large fitting holes 75a , the first small projections 
74a into both the second terminal fitting holes 7 6a and the first 
fitting holes 77a, and the second small projections 75b into the 
second fitting holes 77c. Insulating resin portion 76 is then 
molded around the joined base materials 200, 210, and 220 through 
insert molding as shown in Fig. 28B. 

As shown in Fig. 29A, slits 82 are formed starting from a 
surface of the first base material 200 which will contact with 
brushes as far as the thin portions 75 of the mid-terminals 73, 
and division per each of the segments 72 is performed. Shallow 
grooves 83 are formed per each segment 72 for draining oil film 
from brush-contacting surfaces. Referring to Fig. 29B, after the 
formation of the slits 82 and the shallow grooves 83, fabrication 
of the commutator 70 is completed by cutting away the circular 



frame 222 and bending the claws 74a. 
(Fifth Embodiment) 

A fifth embodiment according to the present invention will 
now be discussed with reference to Figs. 30 to 32C. Reference 
5 numbers are maintained for elements and portions thereof which 
are substantially the same as in the fourth embodiment. 

A commutator is shown without an insulating resin portion 
in Fig. 30 , and mid-terminals 230 as well as connector terminals 
240, 243 , and 246 are divided per each of segments 72. The 

10 mid-terminals 230 are held between the connector terminals 240, 
243, and 246 and the segments 72. Connection terminals comprise 
mid-terminals 230 as connecting portions and connector terminals 
240, 243, and 246 as wiring portions. Wiring portions of the 
connection terminals which connect pairs of segments 72 having 

15 the same potential are disposed in substantially the same plane 
excepting claws 23 0a of the mid-terminals 23 0. Fig. 31 shows the 
assembly in Fig. 30 as an exploded view, the assembly including 
the segments 72, the mid-terminals 230, and the connector 
terminals 240, 243, and 246. Figs. 32A-32C show another exploded 

2 0 view of the assembly in Fig. 30, showing paired segments 7 2 of 
the same potential. 

Referring to Fig. 31, the mid-terminals 230 are formed having 
the same thickness, and comprise the claws 23 0a which join with 
the first terminals 64 near the armature 40. On the mid-terminals 

25 23 0 are formed large fitting holes 230b for fitting with large 
projections 72a of the segments 72, as well as first small 
projections 230c and second small projections 230d for fitting 



with fitting holes (not shown) of the connector terminals 24 0, 
243, and 246. 

With reference to Fig. 32C, first large fitting holes 247a 
for fitting with the large projections 72a of the segments 72 are 
5 formed on the connector terminal 24 0 at the same locations as the 
second large fitting holes 23 0b of the mid-terminals 230. It can 
be seen from Figs. 14A and 14B that a member does not exist at 
locations of the connector terminals 243 and 246 corresponding 
to the large projections 72a. Frame portions 250 located at an 
10 inner circumference of the first contact terminals 241 and at an 
outer circumference of the second contact terminals 244 are 
remnants of a frame which had joined the connector terminals 240, 
243, and 246 together before division per each of the segments 
72. 

15 The connector terminals 240, 243, and 246 are respectively 

formed as a single body in a ring shape, and are distanced from 
the surface of the segments 72 nearest the armature 40. The 
connector terminals 240, 243, and 246 respectively comprise first 
contact terminals 241, second contact terminals 244, and third 

20 contact terminals 247 which respectively comprise radially 
opposed portions, and annular terminals 242, 245, and 24 8 which 
are concentrically disposed and respectively join the contact 
terminals 241, 244, and 247. The contact terminals 241, 244, and 
247 are electrically connected to the mid-terminals 230 which are 

25 electrically connected to pairs of the segments 72 of the same 
potential. The ring terminals 242 , 245, and 24 8 are each distanced 
from the contact terminals of the other connection terminals 



differing in potential in the direction toward the armature 40. 
According to the fifth embodiment, concentrically disposed ring 
terminals 242 , 245, and 248 constitute an avoiding non-contact 
structure of the connection terminals. 
5 According to the thus explained several embodiments of the 

present invention, the connection terminals comprising the 
mid-terminals and the connector terminals are disposed in 
substantially the same plane, such that the axial length of the 
wiring portions which electrically connects the segments 72 of 

10 the same potential is shortened. Thus, the axial length of a motor 
can be shortened. By also forming the connection terminals which 
electrically connect the segments 72 of the same potential from 
the mid-terminals and the connector terminals which are separate 
members, the structure of the mid-terminals and the connector 

15 terminals constituting the connection terminals is simplified, 
and manufacturing is facilitated. The segments are joined with 
the mid-terminals, as well as the mid-terminals with the connector 
terminals, by the fitting of projections into fitting holes to 
provide electrical connection. Thus, compared to an instance of 

20 connecting segments of the same potential together with wire, 
fabrication with respect to connecting is facilitated. 

Also according to the present embodiment, the connection 
terminals comprising the mid-terminals and the connector 
terminals may be formed from a common base material. Segments 

25 may be formed from copper, etc. or other metal , besides fromcarbon. 

According to the several discussed embodiments, in a 
cross-section of the armature 4 0 orthogonal to the shaft 41, the 



winding space formed by the bobbin 60 is formed in a trapezoidal 
shape having a width which decreases in the direction from the 
outer circumference portions 54 toward the center core 42. Since 
the armature 4 0 can be structured with almost no formation of a 
5 gap between coiled pole portions 50 mutually adjacent in the 
direction of rotation , the space occupied by the armature 4 0 can 
be used effectively, and coils can be wound around the bobbin 60. 
Thus, the number of windings can be increased. 

Also according to the several discussed embodiments, the 

10 number of magnetic poles formed by the permanent magnets 30 were 
four, and the number of the coiled pole portions 50 were six, 
however, the number of magnetic poles may be two, four, or any 
even number of poles; likewise, there can be any number of coiled 
pole portions. It is preferable that the number of coiled pole 

15 portions be larger than the number of magnetic poles formed by 
permanent magnets. Further, it is preferable that the number of 
coiled pole portions be an even number and two greater than the 
number of magnetic poles formed by permanent magnets. 

According to the previous several embodiments, the present 

2 0 invention was discussed regarding embodiments applied to a 
concentrated winding motor, however, the invention is not limited 
in this manner, and may, for example, be applied to a motor with 
distributed winding. 

According to the previously discussed embodiments, drawing 

2 5 power to draw fuel from a fuel tank is produced by the rotation 
of the impeller 20 acting as the rotating member of fuel pump. 
However, other types of pump, such as a gear pump, may be employed 



as the rotating member of fuel pump 10. Also according to the 
previously discussed embodiments, the present invention was 
discussed referring to embodiments applied to a fuel pump, however, 
the invention is not limited in this manner, and therefore may 
5 be applied to various motors. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist of 
the invention are intended to be within the scope of the invention. 
Such variations are not to be regarded as a departure from the 
10 spirit and scope of the invention. 
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